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ABSTRACT 
This research work is an attempt to successfully use geometric modelling and computer 
graphics to aid in designing a package for a product. It intends to focus more at the design 
aspects of packaging rather than the material aspects and the packaging processes. The 
software being developed uses geometric modelling techniques along with computer graphics 
and is aimed at helping the user to choose and decide from a number of options an optimal 
packaging strategy for his/her product. Various aspects of packaging like the material used in 
packaging, package aesthetics and strength have been considered. The user has to input a 
VRML file of a model of the product to be packaged. The software parses the VRML file and 
with the help of some user interaction, it obtains the centre of gravity, volume and the weight 
distribution of the given model. Using the information given by the user and some standard 
packaging data available to it, the software comes up with a design suggestion which is 
displayed on a VRML browser. The user can then change the package material and design to 
suit his/her financial requirements and aesthetic needs by using the modifier interface. Two 
main areas of focus have been packaging for shipping and packaging for aesthetics. On the 
issue of packaging for aesthetic point of view, there are options to package a single product 
item, where the case of packaging an item in a box as well as creating a mold for the item is 
investigated. Offset plane blending has been dealt with in ths respect. There is also an option 
to package a set of similar objects. These objects can be moved through space and their 
spatial positions with respect to each other can be changed to obtain a suitable layout such 
V1 
that the set-up is cost effective and aesthetically appealing too. The mold of the casing for the 
given layout is also created. An attempt is being made to feed the data of the casing to an NC 
machine directly and manufacture it. 
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CHAPTER 1. INTRODUCTION 
1.1 Packaging a product 
Packaging has always been an important part of a product and hence is an important 
industry in itself. The main purpose of packaging has been defined as to contain and protect 
the product from the time of manufacture to the point of final purchase, with the result that it 
reaches the market shelf in precisely the desired form and quality [23]. Although packaging a 
product serves one solitary purpose of ensuring that the product reaches it's destination 
safely, the competetive market trends have made packaging a very important part of the 
selling strategy for a product [30]. Amongst other things, the package of a product is used to 
promote the manufacturer's brand identity and customer awareness. It is a fact that often by 
simply altering the package, the manufacturer can improve the sales performance of an ailing 
product [26]. Not surprisingly, the packaging industry is big business. Worldwide it is a 
multi-billion dollar industry, and packaging forms ten to forty percent of the product cost. 
Consequently, packaging has become one of the critical elements in new-product planning. 
Established products are often displaced from the market by innovative packaging of the 
same item. These factors have ensured that packaging decisions are not taken lightly. Coca-
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Cola is said to have rejected about 150 design proposals for the packaging of its new Diet 
Coke. 
1.2 Advances in packaging 
The concept of shops and shopping has been around for for several hundred years. But 
the first package is attributed to a French industrialist Nicholas Appert, at the start of the 
nineteenth century [28]. He is said to have invented the process of canning food in glass jars, 
the need for which arose due to a call by Napolean for a method to preserve food for the 
armies on the march. He was offered a reward of 12,000 francs for his invention. In the same 
year an Englishman, Peter Durannd was awarded a patent for containing food in metal 
vessels, consisting of cannisters manufactured from iron with a tinplate coating. Commercial 
canning, this time for the British army, was started three years later, in 1813, by Hall and 
Donkin in England, and ten years later in America where Thomas Kensett patented the first 
tin can. By the end of the century, thanks to the military requirements, the large-scale 
commercial canning of food was well established. The concept of retail packaged goods 
effectively dates from the middle of the nineteenth century. The trend of window displays 
quickly followed and gradually shop fronts were extended leading to selling counters. The 
end of the Second World War saw a lot of changes in the society that had a solid impact on 
the retailing world, setting a pattern for large scale self-service supermarkets. The concept of 
helping oneself to shelves stacked high with pre-packaged goods gradually evolved leading 
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to a demand for a wider variety of packaged products, particularly food items. that were 
quick and easy to cook. The strong demand for packaged goods rapidly created the need for 
industries devoted to packing and packaging. Later on in the 1970s, plastic came into the 
packaging world in a big way, resulting in PET bottles and plastic moulds for packages. With 
increasing pressure from the marketing sector and later on from the envorinmentalists [5, 8], 
the packaging industry saw a lot of research and innovation in the area of alternate packaging 
materials and automation in the packaging processes [32]. Today the industry stands such 
that there exist specialized packaging consulting firms that claim to provide high-quality 
packaging solutions to meet the industry demands and catch customers' attention. 
1.3 Computer graphics applications 
Over the last couple of decades, industry has seen a rapid growth in the use of computer 
graphics applications. Revenues of the computer graphics market for 1999 are projected to be 
around $71.7 billion and are expected to grow to $133.7 billion by the year 2004 [18]. Today, 
computer graphics finds its application in fields ranging from medicine to engineering to arts. 
A large number of applications where visualization of the output before actually creating it 
helps have used the knowledge of computer graphics [6]. Simulation, designing, rapid 
prototyping, training, medical surgical procedures, etc. have used computer graphics 
effectively to cut down on design and production costs as also on the time involved in these 
processes. Starting out in the entertainment world as a tool to create high quality and realistic 
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special effects, computer graphics was very soon recognized as a powerful tool to aid in 
better visualization and spatial understanding of objects and data in the industrial, medical 
and the arts world. Techniques like paperless manufacturing [4], virtual designing and 
prototyping [19, 21], simulation of experimental processes as well as sensory feedbacks [1, 
24], training [13, 16] have successfully employed computer graphics to reduce overhead 
costs and time. As of now, there are not many fields that have not used the technology of 
computer graphics to reap rich benefits. 
5 
CHAPTER 2. PROBLEM FORMULATION 
In this chapter, I will explain the motivation behind my work and define the problem that 
I intend to tackle in my thesis work. An overview of the design of the software developed 
will also be presented. 
2.1 Motivation and background work 
Packaging has played a significant role in the selling strategy of a product. Stiff 
competition has compelled manufacturers to try and focus on every possible avenue to surge 
ahead in the market. Recent literature review shows many interesting developments in the 
packaging world. Strict conditions imposed by the environmentalists have forced packaging 
industries to come up with ·alternate eco-friendly means of packaging [5, 8]. Literature has 
examples of techniques like shrink-wrapping, flexible automated packaging [20, 22, 32], 
case-ready packaging [30], and retail-ready packaging that have been developed and used to 
obtain easy and inexpensive means of packaging a variety of products. Of late, holograms 
have been used in packaging to attract younger customers as also to prevent product 
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counterfeiting [15]. There are firms today that automate the packaging processes [28, 32] and 
yet more firms that manufacture the machines that are capable of doing such a thing. 
2.2 The problem 
One area of development that has conspicuously been overlooked in the packaging 
industry is that of techniques to improve on the design process to create a package for a 
product. This area of packaging technology lacks the attention and importance it deserves. 
There are many examples on the use of computer graphics and virtual reality applications to 
manufacturing design. We are trying to extend the same principle to packaging design. After 
all, in principle, packaging design is not much different from designing any other product, 
only that this product serves a different purpose all together. This primary need of the 
packaging industry forms the basis of our problem that we are trying to tackle, which can be 
stated as "an attempt to successfully use geometric modelling to aid packaging design". 
2.3 Issue~ .. addressed in designing the package 
A product is packaged with two main intentions in mind. One, it can be packaged to save 
it from damage during shipping and handling while in transit. And, two, it can be packaged to 
enhance its aesthetics and attract customers. It is these two main areas of focus in packaging 
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design that we are going to attack in this research work. The central idea is an attempt to aid 
the designer in coming up with an aesthetically appealing and practically viable package 
design for his or her product. The use of computer graphics application in this domain 
ensures that the design is done quickly and any modifications necessary can be made in a 
very short period of time and in an inexpensive fashion. With these things in mind, the 
software designed is intended to use computer graphics effectively to cater to the two basic 
types of package designs. It helps the designer to choose the type of packaging needed on a 
functional basis and aids in obtaining a suitable design. On the packaging for shipping front, 
issues like the type of packaging material and the thickness of packing material required 
based on the stress levels on the product while shipping have been addressed. On the 
aesthetic packaging front, issues like differences in packaging a single item and multiple 
items have been addressed and different types of package designs based on the number of 
items to be packaged in a single box have been implemented. The spatial layout of multiple 
product items and creating the case to hold them has been addressed. The issue of offset 
blending in case of creating a mould for a single item to be contour-packaged has been dealt 
with too. 
2.4 The software design 
The software has been designed to address the above mentioned issues of packaging. It 
starts with taking a VRML model of the product item needing packaging as user input and 
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goes on to make computations for obtaining data relevant to designing a package for the 
given product item. An attempt has been made to partially automate the designing process by 
constantly taking in user input and corning up with an initial suggestion for a package design. 
The user can also modify the suggested design and experiment with the shapes and size 
through the graphical user interface till satisfied fully with respect to the design. 
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CHAPTER 3. THE PACKAGE DESIGNER 
This chapter will cover the details of the software developed. It starts with an overview of 
the various components of the software and then goes further on to describe each module at 
greater lengths. The mathematical background for the techniques used as well as the 
algorithms designed have also been covered in details. 
3.1 Overview of the pac~ge designer 
The Package Designer (shown in fig. 1 as a block diagram) accepts a VRML model of the 
product to be packaged as its input. It extracts information from that file through the "file-
parser" which passes this information to the "calculator" to compute, amongst other things, 
the centre of gravity and volume of the actual product. The next module is the "user-
interface". It consists of two parts. The first part, the "questionnaire", poses a set of simple 
questions to the user to get a better idea of the product and the type of packaging required. 
The second part is the "modifier". This part of the graphical user interface is where the user 
can experiment with the suggested package designs and modify them to his or her 
satisfaction. Finally, the "database" which suggests few package designs based on the 
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answers provided to the questionnaire. The user can experiment with the suggested design 
and modify it through the modifier untill the design is as needed, to his or her satisfaction. 
3.2 The input 
The input to the software is in the form of a VRML model of the product item needing 
packaging. VRML is a scene description language. VRML files are not compiled, but are 
simply ascii text files which can be interpreted by a VRML interpreter. Thus it is not a 
strictly programming language. The interpreter programs (or parsers) are called VRML 
browsers. Since VRML code is interpreted, the visible result may vary from one browser to 
PARSER QUESTIONNAIRE 
CALCULATOR MODIFIER DATABASE 
OUTPUT 
Fig. 1 The package designer 
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another. Furthermore, VRML is extensible, which means that browser developers, for 
example, can add new non-standard functionality to the language using standard components 
of the language. The VRML browser can be obtained as a plug-in to the Netscape navigator 
or the IE Explorer, and any VRML file can be viewed over the internet. This makes it a 
really powerful modelling tool, especially since the current technology is getting into the 
internet in a big way. 
An object can be modelled in two basic ways using VRML. First, a set of primitives like 
a sphere, cube, cone and cylinder can be used to model shapes. Second, an object can be 
modelled using a number of polygons called the Indexed Face Sets. These polygons are 
actually modelled as a set of points connected in a particular orded using indexes to form the 
desired polygons. The basic primitive shapes can also be extruded to obtain more complex 
and intricate shapes. Transformations like scaling, rotation and translation can be applied to 
all these primitive shapes and the ind~xed face sets to obtain the final model of the object 
being created. More details on VRML can be found in [3, 33, 34] 
3.3 The file parser 
The file parser takes a VRML model of the product as input and extracts useful 
information from it. Keywords like geometry, IndexedfaceSet, coordindex, translation, scale, 
rotation are searched during the parsing and relevant information about the vertices and the 
faces making the object, the primitive shapes used in modelling the product item, the 
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translation, rotation and scaling applied to the model are extracted and saved. This parser, 
the code for which has been written in C++, passes on this whole information to the 
calculator and also to the modifier which use this information effectively for further work. 
3.4 The calculator 
This calculator takes in the information passed onto it by the file parser and uses it to 
compute the centre of gravity and the volume of the product item and also the weight 
distribution in the product item. The calculator has been developed in C++ and extensive use 
of LEDA C++ libraries has been done to implement the algorithms designed. 
Depending on how the product item is modelled, the center of gravity and the volume are 
calculated using basic geometric formulae or a more complex octree analysis. The center of 
gravity obtained is intended to be used in analyzing the weight balance of the object and 
thereby predict the kind of supports that need to be added to the object. The package design 
will also depend on the center of gravity of the object. The volume of the object and its 
weight distribution is also calculated with the same intention. 
In cases where primitive shapes like the sphere, cylinder, cone or cube are used to model 
the product item, the volume and center of gravity of each of the primitive shapes is 
computed using basic geometric formulae and the data about the positioning in space of these 
objects from the file parser. These volumes and center of gravities are then combined to 
obtain the net volume and center of gravity of the entire product item. 
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In cases where the product item is modelled using Indexed Face Sets, techniques of 
octree analysis [29, 38] are used to compute the center of gravity and volume of the product 
item. First, an imaginary bounding box is created around the object. This box is divided 
uniformly into eight octants. Each octant is classified into the following three categories: 
(1) Fully inside the object; 
(2) Partially inside, partially outside the object; 
(3) Fully outside the object. 
If an octant falls in the first category, its volume is added to the volume of the product 
item under analysis. If the octant falls in the third category, it is discarded. And, if the octant 
under consideration falls in the second category, it is further subdivided uniformly into eight 
octants and the above classification is carried out on each of them seperately. This procedure 
of subdividing an octant that falls in the second category is carried out untill the resulting 
octants become insigficantly small in volume and no longer cause any significant change in 
the final answer (fig. 2). 
Fig. 2 Recursive subdivision of an octant 
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Principles of ray-tracing [2, 9] are used to classify an octant into one of the three 
categories mentioned above. To determine whether a point lies outside or inside a closed 
object, a ray is shot from the point. If the ray cuts the object boundary odd number oftimes, 
then the point is inside the object and if the ray cuts the boundary of the object even number 
of times, then the point is outside the object (fig. 3). 
Outsi 
(Even)'"'--'._ 
Tm:"ilP. 
(Odd) 
Fig. 3 Ray tracing to fmd the status of a point 
Using the same principle, rays are shot in the outward normal direction from each of the 
six faces of an octant (fig. 4). If all the rays intersect the object boundary, which is defined in 
terms of polygonal faces, odd number of times, then the octant is fully inside the object, 
thereby falling in the first category. If all the rays intersect the object boundary even number 
of times, then the octant is fully outside the object and it falls in the third category. If some of 
the rays from the octant intersect the object boundary odd number of times and some 
intersect even number of times, then the object is partially inside and partially outside the 
object. In this case the octant falls in the second category and is further subdivided for octree 
analysis. 
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.. ··· 
··············································"'''''''" 
/~ 
Fig. 4 An octant with rays in its outward normal direction 
The algorithm for obtaining the center of gravity and volume of the given object using the 
IndexedFaceSets is as shown on the following page .. Jhis algorithm works for almost all 
practical cases with good accuracy. It may not work for some shapes, in cases where the solid 
cuts through the octant at one comer and as a result, the ray shot from the octant face may not 
meet it at all (fig. 5). This can be overcome by shooting 4 rays from an octant face, one from 
each comer of the face. Also, there are standard collision detection packages available that 
can detect a collision between an octant and the object. 
.. , ................ .. 
~/~···· 
Fig. 5 An octant wrongly computed to be fully outside the body 
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An algorithm to obtain the center of gravity and volume of a given object: 
Get_CG(A list of3 dimensional points, the list of indexes) 
1.Compute the maximim and minimum x, y and z coordinates from the list of points. 
2. Define the bounding box for the object based on the maximim and minimum x,y and z 
coordinates 
3. Do mak:e_octants. //This is dividing the rectangular box into eight octants. 
4. For each octant 
depth_ of_ tree++ 
Do octant_ status to check whether it is fully outside, fully inside or partially in and 
partially outside the object. 
If the octant is fully inside the object, 
Obj_ vol = Obj_ vol + oct_ vol 
. ~)oct _vol\• (oct _cg)i 
ObJ_cg = . 
l 
If the octant is fully outside the object discard it. 
If the octant is part in and part outside the object, do mak:e_octants. 
If depth_ of_ tree>max _ depth, break 
5. Return Obj_ vol, Obj_ cg. 
Octant_status(octant, list of 3 dimensional points, list of indexes) 
1. For each face of the octant 
Do make_faces of the object. //This is creating the object from the list of points and 
indexes. 
Get_ normal for the octant face. / /This is computing the outward normal to the octant 
face. 
Check intersection of normal with all faces of the object boundary. 
If normal intersects the object boundary odd times 
Odd_flag++ 
If normal intersects the object boundary even times 
Even_ flag++ 
If Odd_ flag = 6 //Equating with 6 for the six faces of the octant. 
Return "Octant fully inside" 
If Even_ flag = 6 
Return "Octant fully outside" 
Else return "Octant part in and part out" 
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3.5 The user interfaces 
The software has two user interfaces. The first interface, the questionnaire, obtains 
information from the user to come up with a suitable design suggestion, while the second 
interface is for modifying and experimenting with the suggested design and also to look into 
alternate package designs. 
3.5.1 The questionnaire 
The questionnaire, developed in Java, starts with enquiring from the user about the type 
of packaging required with respect to its functionality. Depending upon the answer to the 
query, it has two different sets of questions for the user. If the user opts for packaging for 
shipping, he or she is presented with charts (fig. 6) from the packaging design handbook [12] 
which gives information about the different stress levels and the types and amount of packing 
material needed for those stress levels. The number of product items to be packed as a single 
set is also obtained by quering the user. A set of keywords to describe the product item is also 
asked to be supplied by the user. All this information helps the package designer to come up 
with a suitable package design with the right amount and type of packing material needed for 
the product's safety. In case the user opts for aesthetic packaging, enquiries about the number 
of items to be packaged, the material density of the item being packaged (it is assumed to be 
uniform throughout the object), and a set of keywords to identify the item are enquired. A 
design is suggested based on the answers to these queries. 
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3.5.2 The modifier 
This part of the user interface is used for two purposes. First, it can be used to modify and 
experiment with the suggested package design. It has options to view the package from 
different angles. Second, this user interface can also be used to create a new package design 
in case the suggested one is not what the user wants. In case of multiple items to be packaged 
in a single set, the user can also experiment with different layout patterns for the product 
items and see for himself or herself which one is the most appealing. An option to create the 
mould for the desired layout is also given. Thus, the user can finally view the layout as well 
as the design of the mold or the casing in which the items will be laid finally. The interaction 
with the software is done with the help of mouse button clicks and also by changing different 
buttons on the user interface. The mouse buttons are used for selecting objects and clicking 
and dragging points and comers of the designed packages for shape and size modifications. 
Shown in figure 7 is a picture of the Modifier interface. It is displaying the set of perfume 
bottles that the user gave as input in the form of a VRML file. The controls on the left side of 
the interface and the mouse buttons are used to manipulate the objects. 
3.6 The database 
The database takes information from the user through the Questionnaire and comes up 
with a suitable suggestion for the package design. This is to give the user a start towards a 
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Fig. 7 The modifier user interface with a sample file displayed 
suitable package design for the product item. This suggested package design comes up on a 
VRML browser which can be used to move the package around in space and have an overall 
look at it. If the user is not fully satisfied with this suggestion, the same package design 
model is displayed on the Modifier interface, where it can be changed to satisfaction. 
21 
3. 7 The output 
The output is in the form of a model which the user finally designed in the Modifier. 
Once a package is designed, the user can choose the kind of packaging material and the cost 
associated with it will be presented to the user. If dissatisfied, changes in design or packaging 
material can be made to reach to a comfortable cost level. 
'\., 
22 
CHAPTER 4. THE TECHNIQUES OF PACKAGING 
In this chapter, we discuss the approaches to packaging design for a product item. If a 
product has to be packaged for shipping purposes only, the only design suggested is that of a 
simple box. The designer has flexibility in terms of suggesting the stress levels on the 
product while in transit and thereby control the amount of packing material required for 
packaging the product. If the product has to be packaged :from the aesthetic point of view, 
three options have been proposed based on the number of product items to be packaged as a 
single set. Two of the three approaches to package designing that we address are for 
packaging a single product item, while the third one deals with issues regarding packaging 
multiple items. When it comes to packaging a single item, the two approaches are that of 
packaging the item in a box or in a case that takes up the shape of the product item. In case of 
packaging more than one product item in a set, the layout of the items in space has been 
focussed on, keeping in mind the fact that in case of multiple items, the positioning of items 
with respect to each other heavily influences the aesthetics of the set of items. 
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4.1 Packaging for shipping 
When it comes to packaging a product for the purpose of shipping to to it's destination, 
the key issue is of ensuring that it is shipped safely without any kind of damage. With this 
reasoning in mind, the user has been given an option to suggest a stress level that he or she 
thinks the product can take. Based on the user's input value, the type and amount of packing 
in terms of thickness of packing material needed is computed and the user can then have an 
idea of how much the packing material cost for a given stress value is going to be. The user 
can then experiment with the possible safe stress values and get a cost-effective solution to 
the type and amount of packing needed. 
Another issue that is of importance in this type of packaging is that of the number of 
items packaged in a single box being shipped. Literature has examples of techniques to 
optimize space utilization and increasing packing density [25, 31]. We have not continued 
any more work in this direction. Also, on the issue of the box for shipping, only a standard 
rectangular box has been considered. 
4.2 Packaging for aesthetics 
In this domain of packaging, two areas of investigation that were identified were that of 
packaging a single item and packaging multiple items as a set. Two package design types 
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were addressed for a single product item to be packaged while layout design for multiple 
items was the area of focus in case of packaging multiple product items as a set. 
4.2.1 Packaging a Single Item 
Two approaches to packaging are considered here. The first one involves a more generic 
box-like package where the designer can have the item packaged in a rectangular box. The 
general shape of the box can be changed using the modifier user interface. The second 
approach considers a mould-like packaging for the item. This package takes the general 
contoured shape of the item. 
4.2.1.1 Single Item In A Box 
The way this packaging type works is that the software computes the bounding box of the 
item and creates it around the item with an offset, so that the item can be put in and pulled 
out of the box with ease. This forms a package with the basic rectangular box shape. The 
designer can experiment with the colors and lighting effects and see how the package looks. 
Ifhe or she is not satisfied with the shape and size of the package, an option is given to view 
the suggested package on the modifier interface and change it's shape and size to some 
extent. Shown in figure 8 is the VRML file of a toy car for which the user wants a package 
design. Two design suggestions were made (fig. 9 and fig. 10). The user had the option to 
open the output files on the modifier interface and make some shape changes. 
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Fig. 8 The VRML model of a toy car 
Fig. 9 A box type package suggested from the database 
Fig. 10 Another package design suggested for the same car model 
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4.2.1.2 Single Item With A Mould-Type Package 
If the user does not like the first approach to packaging the item and wishes to have a 
more complex and contoured shape, then this option can be chosen. In this case, the user is 
allowed to create a case contoured like the item being packaged. 
In this packaging type, the software generates an envelope around the product item. It 
starts with uniformly translating all the polygonal faces that make the object model in the 
outward normal direction. This results in a number of disconnected polygonal faces being 
formed. Next comes the issue of connecting these faces. Based on how these polygonal faces 
are connected to form a closed enveloping package; three alternative approaches were 
investigated. The case of a comer being formed by three planes has been explained in detail 
for the three alternatives. The case for more than three polygons forming a comer is handled 
by extending these three alternative approaches to more than three planes. A point to be noted 
is that in case a pair of planes are connected to form a non-convex shape, then the offsets will 
result in plane intersection. In this case clipping of the planes will have to be done. The parts 
of the planes below the common edge of intersection that fall inside the object body will be 
clipped and the edge will be replaced by a smooth curvature. 
Let figure 11 represent a comer of a product item that needs a mould type of packaging. 
Three polygonal faces meet at that comer. The outward normals to the planes 1, 2, and 3 
forming the comer at P can be computed by taking the cross product of the vectors lying in 
the planes. 
For example, for plane 1: Outward normal, N 1 = PA x PC 
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Since we know all the points that define plane 1, that is, points P, A, B and C, we can 
compute the outward normal. Similarly, we can compute N2 and N 3 too. Next, we translate 
the planes in the directions Qftheir outward normals that we have computed. The planes after 
translation will look as shown infigure 12. 
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Fig.11 A set of planes forming a comer 
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Fig. 12 The planes offset along their normals 
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Once we have the polygonal planes translated, we go about blending them. Here, as 
discussed earlier, we investigated three possible techniques to blend the offset between the 
polygons [13, 32, 33]. These techniques have been discussed in more detail below. 
Polygonal Patches: Using this approach, we connect each common edge that existed 
between two planes before they were seperated by a quadrilateral patch. This results in a little 
triangular gap at the region where the comer existed before the planes were translated. This 
gap is filled with a triangular patch, as shown in figure 13. 
PI 
1 
B 
Q13 3 
C L M 
Fig. 13 Planes blended using polygonal 
Since we already know the points that make up the polygons, we end up with well 
defined quadrilateral and triangular patches with respect to their positions in space. Thus, 
every common edge that connected a pair of polygons before they were translated gets a 
quadrilateral patch while every comer that existed before translation ends up getting a 
triangular patch. 
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If we have more than three planes meeting at the comer, then a polygonal patch with the 
number of sides equal to the number of planes meeting at that comer will be used to blend the 
quadrilateral patches. 
Spherical Triangle Approach: Using this approach, we intend on connecting the two 
adjacent planes, which had a common edge before translating them, by part of a cylindrical 
surface, giving the join a smooth contour. Thus, instead of a quadrilateral patch, we have a 
smooth cylindrical join between two polygonal planes. In this case too, like the previous one, 
we end up with a triangular hollow region, as shown in figure 14. To fill this region, the use 
of a spherical triangular patch has been investigated. Some basic terminology of a sphere is 
presented below before any further explanation is made about how the patchwork can be 
carried out. 
Great Circle: It is defined as the cross-section of the sphere obtained by passing a cutting 
plane through its center. 
2 
________ _,, N 
1 
B 
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Fig. 14 Blending using cylindrical patches 
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Spherical Triangle: Assume any three points, A, B and C on the surface of the sphere. If 
we join AB, BC and CA by great circle arcs, each of which is less than 180 degrees, then 
what we have is a spherical triangle ABC. 
We use this spherical triangle to patch up the hole that appears in the mould after the 
polygonal faces have been joined by parts of cylinders. Referring to figure 4, to compute the 
spherical triangle Pi.Pi~, we first have to obtain the sphere that has the three points lying on 
it. For this, we first compute the circumcenter of the triangle Pi.Pi~. This point is going to be 
equidistant from the three vertices of the triangle. If we have a sphere with its center 
coinciding with the circumcenter of the triangle and its radius equal to the distance between 
the circumcenter of the triangle and any vertex, then the three points will lie on a plane 
passing through the center of the sphere. Next, we construct an outward normal to the plane 
of the triangle, originating at the circumcenter of the triangle. Any point on this normal will 
form the center of a sphere with the three points lying on it. Farther we move from the 
circumcenter, bigger will be the radius of the sphere and greater will be its curvature. Thus, 
we can control the curvature of the triangular patch we want to use on the mould. 
Shown in figure 15 is the triangle Pi.Pi~ with its circumcenter at 0, which is the point of 
intersection of the three perpendicular bisectors. To obtain the equation of the outward 
normal line, we observe that the outward normal at point O is the cross product of the vectors 
OPz and OPi_ . Thus, OP2 x OPi_ gives us the outward normal to the plane of the triangle at 
point 0. Any point on this normal will form the center of a sphere which has points Fi, P2 
and lying on its surface. Since we know all the data about the points Fi , P2 and and 
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we have obtained point 0, we are able to obtain a sphere that has the three points Pi , P2 and 
have obtained point 0, we are able to obtain a sphere that has the three points Pi , P2 and 
lying on it's surface. 
It is observed that the three sides of the spherical triangle may not always blend with the 
three edges of the triangular hollow formed by the edges of the three cylindrical patches that 
joined the pairs of polygonal planes. Kinks will appear at the intersection of the two surfaces 
if the curvatures of the spherical triangle arc and the cylindrical surface do not match. 
Removing these kinks has not,been pursued in this research work. Instead, another approach 
has b~en investigated. It is explained below in detail. 
P2 
P1 p3 
Fig. 15 A triangle with circumcenter at 0 
Bezier Triangulation: A quadratic Bezier triangle is a Bezier triangular patch such that 
all three sides of the triangle are quadratic curves. The problem we faced in the previous 
approach of constructing spherical triangular patches was that we were left with some kinks 
bat the intersection of the cylindrical surface edges and the spherical traingle edges. To 
overcome this problem, we instead construct a quadratic Bezier traingle such that its sides 
coincide with the edges of the three cylindrical patches that were used to smoothly connect 
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adjacent polygons. Thus we will have a quadratic Bezier traingle with parts of circles as its 
edges. 
Shown in figure 16 is the control polygon of a quadratic Bezier triangle. In general, the 
equation of a quadratic Bezier triangle is of the form: 
P(t,u, v) = {2 P200 + u 2 P020 + v2 P002 + 2tuPi_10 + 2uvP011 + 2tvPi_01 
such that t + u + v = 1, and O :::;; t, u, v :::;; 1. 
If we plug in v = 0 in the above equation, we get: 
P(t,u) = t 2 P200 + u 2 P020 + 2tuP110 • 
This represents the general equation of a quadratic Bezier curve at v = 0 , which is at edge 1. 
Similarly, we can show that edges 2 and 3 also represent quadratic Bezier curves. Now, ifwe 
want these edges to coincide with parts of circles, the control points will need to have equal 
weights. In other words, the parameters t, u and v should have value equal to 0.5. 
Another issue of importance is that of topological accuracy in blending the two surfaces. 
Two surfaces are said to be blended smoothly if they have the same curvature at the line of 
Edge 1 
P200 P101 
Edge3 
Pozo 
Edge2 
Poo2 
Fig. 16 Control Polygon for a Quadratic Bezier Triangle 
u 
V 
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blending. To ensure this, the tangents to the cylindrical surface at all points on the edge 
which blends with the Quadratic Bezier triangle must have the same slope as the tangents to 
the triangular patch at all points on the common edge with the cylindrical surface. 
For example, with respect to edge 1 (fig. 1) of the control polygon of the quadratic Bezier 
patch, the tangent to the patch at that edge would be defined as the partial derivative of the 
surface equation with respect to v at v=O. 
8PI :. TE1 = - = 2t~o1 + 2uP011 
av v=O 
The slope of the tangent to the cylindrical surface, Tcytt at that edge would be same as the 
slope of one of the two edges that are being blended using the cylinder (refer Fig. 14). 
Thus, for topological accuracy, we must have: TE1 = Tcyll. 
But we are not concerning ourselves with topological accuracy. All we are trying to ensure is 
that there are no kinks in the blend and hence do not have to ensure that the above condition 
for topological accuracy is satisfied. 
In order to fully define the quadratic Bezier triangular patch, we need all the 6 control 
points. We already have with us the three comer control points P200 , P020 and P002 which 
correspond to the three points , P2 and /; of the three polygonal faces we are attempting 
to blend. We still have to obtain points 10 , ~ 01 and P 011 to fully define the Bezier patch. 
We work backwards from the curve to the control points to obtain the remaining control 
points. We explain below the detailed procedure to obtain the one remaining control point for 
edge 1 of the Bezier triangle patch's control polygon. The remaining control points can be 
similarly computed. 
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Using the available equation of the curve that is represented by the control points on edge 
1, we obtain a point on the curve other than the end points. A convenient point is the point 
that bisects the curve. Let C be the point on the curve such that it bisects the curve. Now, 
since C is the mid-point on the curve, if we have the parameters t and u in the equation of the 
curve equal to 0.5, we have: 
C = t z Pzoo + u z Pozo+ 2tuPi 10 , at t = u = 0.5 
:. C = 0.25Pzoo + 0.25Pozo + 0.5Pi 10 
We solve for Pi 10 in terms of C, Pzoo and Pozo . Similarly, we can compute the remaining two 
control points Pioi and P011 • Thus, we end up with a fully defined quadratic Bezier triangular 
patch that has its edges coinciding with the edges of the cylindrical patches that joined the 
polygons. 
In case of blending more than three planes forming a comer, we end up with a polygonal 
hole which can be reduced to a set of rectangular Bezier patches which can be implemented 
using the results of [10, 22] . . 
Shown in figure 17 is the graphical implementation of the blending procedure discussed 
above. A set of oblique planes forming a comer are offset and then blended using the 
Polygonal patches technique and the Quadratic Bezier triangle technique. 
Cubic Bezier patches and n-sided patches: Using this approach, the cylindrical surface 
patches connecting the edges in the above technique are replaced by quadrilateral cubic 
Bezier patches while the hole for the comer is replaced by a cubic polygonal Bezier patch. 
Two types of blending take place using this approach. Before they are dealt with in any 
details, the issue of continuity between surfaces is taken up. For all practical purposes, 
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blending has been restricted to continuity of tangent vectors across the common edge 
between the two blending surfaces. This is also known as C1 continuity. Some theoritical 
applications require second order continuity and very rarely do some applications require 
higher order continuity, but in this case, higher order continuity does not really enhance the 
quality of blend and hence only first order tangent-plane continuity has been satisfied. 
Fig. 17 Blending techniques implemented for a set of oblique planes 
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Consider two patches, P(u, v) and Q(u, v), that have to be blended usmg tangential 
continuity across the common boundary AB, as shown in figure 18. 
The two curves have a common boundary AB such that: 
P(u,1) = Q(u,O) 
Now, if the boundary curves joining at point A are slope-continuous, then we have: 
where P;A and Q~A are tangents on patches P and Q at point A along the direction of v. 
Detailed explanations of this result are found in [27]. Specific continuity conditions for a 
rectangle-rectangle and rectangle-triangle surface blending have been derived in [17, 7], and 
they also advocate he sane basic continuity conditions for C1 continuity. 
B 
P(u,v) Q(u,v) 
V 
Q'vB 
A 
Fig. 18 Two patches to be connected along edge AB 
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Now that the continuity conditions have been established, the two blending types that 
occur in this approach will be explained in detail as follows. 
Quadrilateral plane and rectangular cubic Bezier patch blending: Given two 
quadrilateral planes, we need to define a cubic Bezier patch that blends the offset between the 
two planes. Referring to figure 19, we see that WX is the common edge between plane P and 
the cubic Bezier patch A(u, v). Four control points of the patch at A(u,O) will lie on this 
comon edge. The control points of the patch at A(u,1) will lie on the common edge LM of 
the cubic Bezier patchA(u, v) and the plane Q. The remaining eight control points that are 
needed to define the patch will be obtained using the eight tangent-plane continuity 
conditions which have to be satisfied at each of the eight control points that have already 
been determined. 
M N 
X Q 
L 0 
y 
z 
Fig. 19 Quadrilateral plane - cubic rectangular Bezier patch 
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N rectangular cubic Bezier patches blending: In this case, a number of rectangular 
cubic Bezier patches have to be blended together by connecting them with an n-sided 
polygonal patch. The simplest case will be that of blending 3 rectangular Bezier patches by 
smoothly connecting them with a cubic Bezier triangular patch. In general, an n-sided 
polygonal patch is constructed piece-wise by dividing it into triangular patches or n 
rectangular patches as shown in figure 20. The detailed treatment of connecting n polygonal 
edges with an n-sided patch can be found in [9, 10, 35]. Graphical results of this blending 
technique are as shown in figure 21. An example consisting of the hood of a toy car has also 
been used to demonstrate the blending technique (Fig. 22). 
Fig. 20 A polygonal patch sub-divided into triangular/rectangular patches 
A special case of edges: There may exist a case where an edge may be common to more 
than one edges. In this case, an option will be to split that edge into a number of edges such 
that the number of edges on this edge are same as the number of planes meeting this edge. 
This technique is demonstrated in figures 23, 24 and 25. 
(a) A set of oblique planes forming a 
comer 
( c) The planes offset along their normals 
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(b) Outward normals for the plan 
( d) Blending using polygonal patches 
( e) Blending using cubic Bezier patches 
Fig. 21 A set of oblique planes representing a comer blended together 
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(a) The hood of a toy car 
( c) The planes offset along their normals 
( e) Blending using cubic Bezier patches 
(b) Outward normals for all planes of the 
hood 
( d) Blending using polygonal patches 
(f) Blending using cubic Bezier patches for 
a different offset value 
Fig. 22 A toy car hood example to show offset blending 
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A 
B C 
Fig. 23 An edge common to two edges 
A 
p -
Fig. 24 Point introduced to create a new edge 
A 
p 
B C 
Fig. 25 Reduced to standard blending of edges 
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4.2.2 Packaging multiple product items as a set 
This option has been provided to the user keeping in mind the fact that when it comes to 
packaging more than one item as a set the layout of the items in the set becomes of high 
aesthetic importance. A set of perfume bottles, a gift box of choclates, a set of toy cars, etc 
are common examples of multiple product items being packaged as a set. The user can access 
this option in the Modifier user interface, where he or she can move the individual product 
items in space and arrange them with respect to one another. Transformations like scaling, 
translation and rotation allow the user the flexibility of placing the product items anywhere in 
space at any orientation. The items can be selected by pointing at the desired item using the 
mouse and clicking the mouse button. Once the user is satisfied with the layout, an option for 
creating the mould for the casing that will hold the product items is also provided. The 
concept of generating inverse shapes has been used to create the casing. The user has the 
flexibility of choosing the percentage indentation of the items in the casing. An attempt is 
being made to generate the casing on an NC machine using the data obtained from the casing 
created by the software. 
Figure 26 shows a set of perfume bottles input by the user, in the form of a VRML file . 
Figure 27 shows the same set of bottles displayed on an OpenGL and RapidApp based user 
interface. The next figure (fig. 28) shows the bottles moved about in space by the user and 
adjusted to give a possible layout option for the set of bottles. The next figure (fig. 29) shows 
another layout of the bottles and finally, figure 30 shows the mould of the casing created for 
the particular layout. 
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Fig. 26 A VRML model of a set of bottles 
Fig. 27 The model reproduced on the Modifier interface 
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Fig. 28 The bottles rearranged in space to give a different layout 
Fig. 29 The bottles arranged to give 
another layout 
Fig. 30 The casing created for layout in 
the adjacent figure 
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CHAPTER 5. CONCLUSIONS 
In this chapter, the outcome of the research work done and possible work that can be done 
in continuation with this research has been outlined. 
5.1 Results of this research work 
This thesis aimed at developing a software that would apply computer graphics and other 
computer tools to aid the user in designing a suitable and satisfactory package for a product 
item that he or she wants to pack. The central idea was to facilitate ease of design. It was 
shown that the user can very conveniently design a package for his or her product and inspect 
it's shape and size easily by viewing it graphically on a computer screen. Two basic 
functional package types were considered. They were packaging for shipping and packaging 
from aesthetic point of view. In packaging for shipping, the user had an option to experiment 
with the stress levels induced on the product while in transit, thereby have a hand in 
controlling the cost of packing material. In packaging for aesthetics, the user had options of 
packaging a single item or packaging multiple items as a set. Two package designs were 
provided in case of packaging a single item, while an option to create different layouts for 
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placing items in the set for multiple items was given. The mould of the casing which would 
hold the product items in a particular layout pattern was also created. 
5.2 Further work that can be done 
When this research work was concieved, quite a few avenues of detailed research were 
available. One was the mechanical aspect of it, where in the weight distribution of the 
product being packaged was computed to check for the stability and balance of the product 
on a shelf. Also, supports needed in weak and unbalanced areas to support the product in the 
package and also on the shelf could be investigated. The center of gravity of the product 
items being packaged and it's weight distribution were calculated using the octree analysis. 
These were not really pursued to obtain the final outcome due to various constraints. 
Another section of this research work was extensive development of the database of 
package designs. This database was intended to hold numerous package designs and was to 
come up with design suggestions for the user based on answers to questions posed in the 
questionnaire. As of now, this database holds only a few test cases. A good approach to the 
database development would be that every time the user finalizes his or her package design, it 
gets stored automatically in the database with a set of keywords suggested by the user for 
describing the particular design. Such a dynamic database would develop quickly on its own, 
without much effort to consciously develop it. 
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